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CLAIMS 



(57) [Claim(s)] . . 

[Claim 1] In a dielectric substrate, the 1st. 2nd. and 3rd conductor layers ; formed 
succeeding at least one side edge section of said dielectric substrate, the s,de front 
and the background, and said 1st conductor layer In the section and sa,d 2nd and 3rd 
conductor layers the 1st formed so that the side front and background of sa,d 
dielectric substrate might be arrived at —less - a conductor - respectively - an 
and - said 1st [the ] —less - a conductor - it extends vertically from sa,d s,de 
edge section succeeding the section - level —less - a conductor - the .section 
_ said _ , eve | —less - a conductor - it extends toward a lower part from the 
other end of the sec«on - vertical — iess - a conductor, while consisting of the 
sections said - level -less - a conductor - each width of face of sa,d 2nd and 
3rd conductor layers from the upper bed of the section to the upper bed section of 
said dielectric substrate The section is provided, said - level —less - a conductor 
- it was formed so that it might become shorter than each width of face of sa,d 2nd 
and 3rd conductor layers from the soffit of the section to the soffit section of sa,d 
dielectric substrate - mutual - symmetrical - the 2nd of gamma configurate, and 
the 3rd —less - a conductor - the outer conductor and inner conductor of a 
coaxial cable linked to communication equipment - said 2nd or 3rd either —less - 
a conductor - the conductor of the both sides of the section - the slot antenna 
characterized by connecting with a part respectively. 

[Claim 2] In a dielectric substrate, the conductor layer formed in said one d.electnc 
substrate side, and said conductor layer an end reaches one side edge seot,on of sa,d 
dielectric substrates, and it extends vertically from said side edge sect.cn - leve 
-less - a conductor - the section - said - level —less - a conductor - * 
extends toward a lower part from the other end of the section - vert,cal —less - a 
conductor, while consisting of the sections said - level —less - a conductor - 
the width of face of said conductor layer from the upper bed of the section to the 
upper bed section of said dielectric substrate The section is provided. sa,d -- level 
—less - a conductor - gamma configuration formed so that it might become 



shorter than the width of face of said conductor layer from the soffit of the sect.on to 
the soffit section of said dielectric substrate —less - a conductor - the outer 
conductor and inner conductor of a coaxial cable linked to communication equipment 

- said —less ~ a conductor - the conductor of the both sides of the sect.on 
the slot antenna characterized by connecting with a part respectively. 

[Claim 3] In a dielectric substrate, the conductor layer formed in the side front of said 
dielectric substrate, and said conductor layer an end reaches one side edge sect.cn of 
said dielectric substrates, and it extends vertically from said side edge section - 
level —less - a conductor - the section - said - level —less - a conductor 

- it extends toward a lower part from the other end of the section - vert.cal - -less 

- a conductor, while consisting of the sections said - level —less - a conductor 

- the width of face of said conductor layer from the upper bed of the section to the 
upper bed section of said dielectric substrate - said - level —less - a conductor 

- gamma configuration formed so that it might become shorter than the width of face 
of said conductor layer from the soffit of the section to the soffit section of sa.d 
dielectric substrate —less - a conductor - with the section the end sect.cn 
connects with communication equipment on the background of said d.electnc 
substrate - having - the other end - the side front of said dielectric substrate 
said —less - a conductor - with the microstrip line formed so that it might 
become the location and symmetric position over the section said other end of said 
microstrip line - said —less - a conductor - the slot antenna characterized by 
providing the through hole which connects said conductor layer near the sect.on. 
[Claim 4] a metal plate and an end reach one side edge section of said metal plates, 
and are vertically prolonged from said side edge section, and penetrate from the side 
front of said metal plate to a background - level —less - a conductor - with the 
section said - level —less - a conductor - it extends toward a lower part from 
the other end of the section, and penetrates from the side front of said metal plate to 
a background - vertical —less - a conductor, while consisting of the sections said 
- level —less - a conductor - the width of face of said metal plate from the 
upper bed of the section to the upper bed section of said metal plate The section is 
provided, said - level —less - a conductor - gamma configuration formed so that 
it might become shorter than the width of face of said metal plate from the soffit of 
the section to the soffit section of said metal plate —less - a conductor - the 
outer conductor and inner conductor of a coaxial cable linked to communication 
equipment - said —less - a conductor - the conductor of the both sides of the 
section - the slot antenna characterized by connecting with a part respectively. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used as an antenna of field radios, such as a 
cordless telephone machine and a portable telephone, and relates to a suitable slot 
antenna. 
[0002] 

[Description of the Prior Art] Generally as an antenna of the conventional field radio, 
the whip antenna with the easy configuration is used. Drawing 8 is drawing showing 
the ideal operating state of a whip antenna 1 . The body of this whip antenna 1 is 
produced with the metal wire or metal rod whose die length is about 1 [ about 1 of 
wavelength lambda (correcting / Lambda=c/f; / c velocity of light)/4 to the operating 
frequency f, or ]/2, and that body is further protected by being covered by resin etc. 
Thus, by setting up the die length of a whip antenna 1, an electric wave resonates in 
the operating frequency f, and is received or transmitted efficiently. Moreover, in this 
drawing, the whip antenna 1 is installed vertically on the ground plane 2 which has 
sufficient size as compared with the operating wavelength lambda, in such a case, the 
directivity within a field vertical to the self of a whip antenna 1 — 3 is uniform, 
moreover, the directivity within the field containing a whip antenna 1 — 3 becomes 
min in max and an parallel direction in the direction in which a ground plane 2 
intersects perpendicularly to a whip antenna 1 as it is shown in drawing, since it is 
large enough as compared with the operating wavelength lambda. 
[0003] Next, drawing 9 shows the condition of having installed the whip antenna 1 
vertically to the ground plane 4 of the finite below operating wavelength, the 
directivity of the whip antenna [ ground plane / 4 ] 1 within a field vertical to the self 
of a whip antenna 1 to wavelength lambda when small — the directivity within the field 
which contains a whip antenna 1 although 5 is uniform — 5 becomes max in the 
direction which has a certain elevation angle to a ground plane 4. thus, a ground plane 
4 becomes small — alike — following — directivity — the direction whose 5 is max 
moves in the direction in which an elevation angle becomes large to a ground plane 4. 
[0004] And drawing 10 is the top view showing the appearance configuration of the 
point of the conventional field radio 6, and the whip antenna 1 is vertically formed in 
the ground plane 7 of the upper bed of a field radio 6. in this case, since it was very 
small compared with wavelength lambda, the ground plane 7 was mentioned above — 
as — the directivity of a whip antenna 1 — 8 becomes max in the direction which has 
a certain elevation angle to a ground plane 7. Moreover, a field radio 6 is near the body 
head, and is usually used from a vertical direction to earth surface, leaning to the 
predetermined include angle theta. therefore, the directivity of the whip antenna [ as 
opposed to / in this case / earth surface ] 1 within an parallel field — 8 becomes less 
uniform Hereafter, in order to simplify explanation, a vertical direction and a vertical 



field are respectively made into a perpendicular direction and a vertical plane for an 
parallel direction and an parallel field to a horizontal direction and the level surface, 
and earth surface to earth surface. 
[0005] 

[Problem(s) to be Solved by the Invention] Now, generally, with a field radio, since a 
vertically polarized wave is used, it is required that the directivity to the vertically 
polarized wave in the level surface of the antenna attached in a field radio should be 
uniform. However, when using the field radio 6 with which the conventional whip 
antenna 1 was formed, as for the directivity to the vertically polarized wave within the 
level surface, the direction of the directivity max shifts greatly from the level surface 
uniformly. Therefore, there was a problem that lowering of gain was large and 
degraded communication link quality. It was made in view of the situation mentioned 
above, this invention has the uniform directivity within the level surface, and incase it 
uses a field radio, it aims at offering the slot antenna which has mostly the direction of 
directive max of a vertically polarized wave in the level surface. 
[0006] 

[Means for Solving the Problem] In order that this invention may solve the trouble 
mentioned above, the slot antenna by invention concerning claim 1 In a dielectric 
substrate, the 1st, 2nd, and 3rd conductor layers formed succeeding at least one side 
edge section of said dielectric substrate, the side front, and the background, and said 
1st conductor layer In the section and said 2nd and 3rd conductor layers the 1st 
formed so that the side front and background of said dielectric substrate might be 
arrived at less — a conductor — respectively — an end — said 1 st [ the ] less 

— a conductor — it extends vertically from said side edge section succeeding the 

section — level less — a conductor — the section — said — level less — a 

conductor — it extends toward a lower part from the other end of the section — 
vertical less — a conductor, while consisting of the sections said — level less 

— a conductor — each width of face of said 2nd and 3rd conductor layers from the 
upper bed of the section to the upper bed section of said dielectric substrate The 

section is provided, said — level less - a conductor — it was formed so that it 

might become shorter than each width efface of said 2nd and 3rd conductor layers 
from the soffit of the section to the soffit section of said dielectric substrate — 
mutual — symmetrical — the 2nd of gamma configuration, and the 3rd —less — a 
conductor — the outer conductor and inner conductor of a coaxial cable linked to 

communication equipment — said 2nd or 3rd either less — a conductor — the 

conductor of the both sides of the section — it is characterized by connecting with a 
part respectively. 

[0007] The slot antenna by invention concerning claim 2 In a dielectric substrate, the 
conductor layer formed in said one dielectric substrate side, and said conductor layer 
an end reaches one side edge section of said dielectric substrates, and it extends 



vertically from said side edge section — level less — a conductor — the section 

— said — level less — a conductor — it extends toward a lower part from the 

other end of the section — vertical less — a conductor, while consisting of the 

sections said — level less — a conductor — the width of face of said conductor 

layer from the upper bed of the section to the upper bed section of said dielectric 

substrate said — level less — a conductor — gamma configuration formed so that 

it might become shorter than the width of face of said conductor layer from the soffit 
of the section to the soffit section of said dielectric substrate less — a conductor 

— the outer conductor and inner conductor of a coaxial cable which possess the 
section and are connected with communication equipment said less a 
conductor — the conductor of the both sides of the section — it is characterized by 
connecting with a part respectively. 

[0008] The slot antenna by invention concerning claim 3 In a dielectric substrate, the 
conductor layer formed in the side front of said dielectric substrate, and said 
conductor layer an end reaches one side edge section of said dielectric substrates, 
and it extends vertically from said side edge section — level less — a conductor 

— the section — said — level less — a conductor — it extends toward a lower 

part from the other end of the section — vertical less — a conductor, while 

consisting of the sections said — level less — a conductor — the width of face of 

said conductor layer from the upper bed of the section to the upper bed section of 

said dielectric substrate — said — level less — a conductor — gamma 

configuration formed so that it might become shorter than the width of face of said 
conductor layer from the soffit of the section to the soffit section of said dielectric 

substrate less — a conductor — with the section the end section connects with 

communication equipment on the background of said dielectric substrate — having — 
the other end — the side front of said dielectric substrate — said less — a 
conductor — with the microstrip line formed so that it might become the location and 
symmetric position over the section said other end of said microstrip line — said 

less — a conductor — it is characterized by providing the through hole which 

connects said conductor layer near the section. 

[0009] The slot antenna by invention concerning claim 4 a metal plate and an end 
reach one side edge section of said metal plates, and are vertically prolonged from 
said side edge section, and penetrate from the side front of said metal plate to a 
background — level less — a conductor — with the section said — level less 

— a conductor — it extends toward a lower part from the other end of the section, 
and penetrates from the side front of said metal plate to a background — vertical 

less — a conductor, while consisting of the sections said — level less — a 

conductor — the width of face of said metal plate from the upper bed of the section 

to the upper bed section of said metal plate said — level less — a conductor — 

gamma configuration formed so that it might become shorter than the width of face of 



said metal plate from the soffit of the section to the soffit section of said metal plate 

less — a conductor — the outer conductor and inner conductor of a coaxial cable 

which possess the section and are connected with communication equipment — said 

less — a conductor — the conductor of the both sides of the section — it is 

characterized by connecting with a part respectively. 
[0010] 

[Function] level, when above-mentioned claim 1 thru/or the slot antenna by invention 

concerning 4 are vertically installed to the level surface less — a conductor — a 

vertically polarized wave is emitted from the section and vertical less — a 
conductor — a horizontally polarized wave is emitted from the section, and level 

less — a conductor — level, since the width of face of the conductor layer of a 

section upside is shorter than the width efface of the conductor layer of the bottom 

| ess — a conductor — electric field concentrate on the conductor layer above the 

section. Therefore, the maximum radiation direction over a vertically polarized wave 

inclines upwards from the level surface. 

[0011] 

[Example] Hereafter, the example of this invention is explained with reference to a 
drawing. Drawing 1 is drawing showing the configuration of the slot antenna 9 by the 
first example of this invention, and the perspective view as which drawing 1 (a) 
regarded the near field where a coaxial cable 10 is connected, and this drawing (b) are 
perspective views which looked at the field on the background. The dielectric 
substrate 1 1 of about 0.002 lambda is used for the slot antenna 9 for thickness, and 
conductor layers 12a and 12b are formed in both the front faces 11a and 11b. 
Moreover, conductor-layer 12c is formed in one side edge side 11c among four end 
faces around the dielectric substrate 1 1. By approaches, such as etching, it exfoliates 
and conductor layers 12a and 12b are formed in the conductor layers 12a and 12b of 
the dielectric substrate 11 so that the gamma-like slots 13a and 13b may be in 
agreement on the front reverse side, respectively. Here, the amount of [ of each slots 
13a and 13b ] (part prolonged in the x directions) horizontal level has reached side 
edge side 11c. Moreover, slot 13c which connects Slots 13a and 13b is formed in side 
edge side 11c of the dielectric substrate 11, and one continuous slot 13 is formed of 
Slots 13a, 13b, and 13c. Here, both the width of face of Slots 13a, 13b, and 13c is 
about 0.01 lambda, the die length for a horizontal level of Slots 13a and 13b — every 
— about 0.04lambda — it is — the die length of a vertical part (part prolonged in the 
direction of z) — every — it is about 0.17lambda. Therefore, the overall length of a 
slot 13 is about 0.42 lambda. 

[0012] In this case, as shown in drawing 1 (b), when the conductor width to L1 and 
soffit side 11 of soffit for horizontal level of slot 13 to dielectric substrate 1 1 e is set 
to L2 for the conductor width from the upper bed for a horizontal level of a slot 13 to 
11d of upper bed sides of the dielectric substrate 11. the thing of a configuration 



which is set to LKL2 is used for the dielectric substrate 11. 

[0013] Moreover, since the input resistance of the slot antenna 9 in the location which 
separated only die length 0.01 lambda-0.02lambda from 1 3d of soffits of the vertical 
part of slot 13a is 50ohms, if the coaxial cable 10 with a characteristic impedance of 
50 ohms is connected to this location, the impedance of a coaxial cable 10 and a slot 
antenna 9 can be adjusted. In this case, outer-conductor 10o and inner conductor 1 0i 
are respectively fixed to conductor— layer 1 2a with means, such as soldering, so that 
inner conductor 1 0i of the end of a coaxial cable 10 may cross slot 13a in the 
above-mentioned location. Moreover, feed is performed to a slot antenna 9 by 
connecting with the transmitter which the other end of this coaxial cable 10 does not 
illustrate. 

[0014] Drawing 2 shows the inside of the slot 13 of a slot antenna 9, and the direction 
of about 1 1 dielectric substrate electric field by the arrow head of a continuous line. 
The direction of electric field turns into the same direction in the slots 1 3a and 13b of 
the front flesh side of the dielectric substrate 11. As shown in drawing, vertical 
electric field occur in both parts for each horizontal level and slot 13c of Slots 13a and 
13b, and a vertically polarized wave is emitted by these. Moreover, electric field 
horizontal to each vertical parts of both of Slots 13a and 13b occur, and a horizontally 
polarized wave is emitted by these. Furthermore, L1 is short written to a conductor 
width L2, and electric field concentrate on conductor-layer 12c above slot 13of side 
edge side 1 1c of dielectric substrate 1 1 c. Therefore, the maximum radiation direction 
of a vertically polarized wave inclines like the arrow head 14 shown with a broken line 
more nearly up than the level surface (x-y flat surface). 

[0015] Drawing 3 is as a result of [ of the radiating pattern of the vertically polarized 
wave within the x~z flat surface shown in drawing 1 ] 1 measurement, and is 
normalized on the gain of a standard dipole antenna. According to this measurement 
result, the maximum radiation direction in the +x direction of a x-z flat surface has 
turned to about 20-degree upper part horizontally (z= 0 degree). However, it receives 
horizontally and is [ about ]. -The radiating pattern with 1 0 to almost uniform about 
+80 degrees is obtained. Moreover, the maximum radiation direction in the -x direction 
of a x-z flat surface has turned to about 30-degree lower part horizontally. 
[0016] Now, drawing 4 is the top view of the field radio 15 which used the slot antenna 
9 of this example. As the radiating pattern within the x~z side of drawing 3 shows, 
when the maximum radiation direction of a slot antenna 9 has shifted from the level 
surface to the upper part, and using 30 degrees - 60 degrees of field radios 1 5 from 
the level surface, leaning them (it is usually used, leaning to this extent), the maximum 
radiation direction in a radiating pattern 16 can change it into the condition of being in 
the level surface mostly. Moreover, the direction of the electric field in the slots 13a 
and 13b shown in drawing 1 is mutually in agreement, and the radiating pattern 16 of 
the vertically polarized wave in the case of using a field radio 1 5 actually further, since 



a vertically polarized wave is emitted from a part for a horizontal level and slot 13c of 
Slots 13a and 13b serves as about 1 appearance in the level surface. The gain of the 
slot antenna 9 in this case is equivalent to the gain of a dipole antenna. 
[0017] Moreover, since a horizontally polarized wave is also emitted from the vertical 
part of Slots 13a and 13b, it can respond also to change of the plane of polarization 
caused by multi-pass phasing generated in mobile communication, such as a field 
radio. That is, a slot antenna 9 functions as a kind of diversity antenna. Therefore, if 
this slot antenna 9 is used, communicative quality will improve remarkably. Specifically, 
the error rate in digital communication falls. 

[001 8] As mentioned above, although actuation in case a slot antenna 9 is a send 
state was explained, the same is said of the directivity in a receive state. That is, in 
case a slot antenna 9 is used, it is possible to receive efficiently the electric wave 
which comes from a horizontal direction. Therefore, this slot antenna 9a is suitable for 
the mobile communication of a field radio. 

[0019] In addition, in the slot antenna 9 by this example, you may make it a 
configuration [ as / other three end faces of whose except side edge side 1 1c of the 
dielectric substrate 1 1 are conductor layers ]. Moreover, although the case where a 
coaxial cable 10 was connected to slot 13a was shown in drawing 1 , you may connect 
with slot 1 3b. Furthermore, it is possible to choose it from 0.003lambda as arbitration 
in the range of 0.03lambda extent, without also limiting the width of face of a slot 13 to 
about 0.01 above-mentioned lambda. 

[0020] Drawing 5 is the perspective view showing the configuration of slot antenna 9a 
by the 2nd example of this invention. The same sign is attached to drawing 1 
mentioned above and a corresponding part in this drawing. Slot antenna 9a by this 
example is equal to that in which the conductor layers 12b and 12c and Slots 13b and 
13c are not formed in the slot antenna 9 of the 1st example shown in drawing 1 . That 
is, conductor-layer 12a and slot 13a are formed in surface 11a of the dielectric 
substrate 1 1. In this example, a coaxial cable 10 is not attached in the rear face of the 
dielectric substrate 1 1 , although it connects with conductor-side 1 2a by the same 
approach as the 1 st example. Moreover, from a part for the horizontal level of slot 13a 
of slot antenna 9a of this example, a vertically polarized wave is emitted and a 
horizontally polarized wave is emitted from a vertical part. Since other actuation is the 
same as the 1st example, the explanation is omitted. In the configuration of slot 
antenna 9a by this example, in order for what is necessary to be to process only one 
side of the dielectric substrate 1 1, that production is easy. 

[0021] Drawing 6 shows the configuration of slot antenna 9b by the 3rd example of 
this invention, and the perspective view as which drawing 6 (a) regarded the near field 
in which conductor-layer 1 2a is formed, and this drawing (b) are perspective views 
which looked at the field on the background. In addition, the same sign is attached to 
the part corresponding to drawing 1 mentioned above in this drawing. This example 



supplies electric power by using a microstrip line 17 instead of the coaxial cable 10 in 
the 1 st example of the above. 

[0022] In slot antenna 9b shown in drawing 6 , slot 13a of the shape of same gamma as 
what is shown in drawing 1 is formed in conductor-layer 12of surface 1 1a of dielectric 
substrate 11 a, and as a microstrip line 17 straddles slot 13of surface 11a a to 
rear-face 11b of the dielectric substrate 1 1, it is formed in it. And the end section of a 
microstrip line 1 7 is connected to conductor-layer 1 2a near the slot 1 3a through the 
through hole 18. Therefore, electromagnetic-field association takes place between a 
microstrip line 1 7 and slot 13a, and slot antenna 9b is excited by the power impressed 
to a microstrip line 17. Moreover, the other end (end-face side of the dielectric 
substrate 11) is connected to the transceiver circuit of the slot antenna 9b exterior. 
[0023] Moreover, when the characteristic impedance of a microstrip line 17 is 50ohms, 
in order to adjust the impedance of a microstrip line 17 and slot 13a, a microstrip line 
17 is formed in the location which distance 0.01-0.02lambda Is distant from 3d of 
soffits of slot 13a on the background of the dielectric substrate 1 1. In that case, a 
microstrip line 17 is formed so that the center line may serve as the location of inner 
conductor 10i of a coaxial cable 10 and symmetric position in the 1st example. 
[0024] In slot antenna 9b of this example, since it is not necessary to solder the 
coaxial cable for feed, the assembly of a slot antenna is easy. Moreover, since a 
microstrip line 17 can perform feed between slot antenna 9b, a transceiver circuit, etc. 
when slot antenna 9b is formed in the same substrate as a transceiver circuit etc., the 
consistency of an impedance is very good. In addition, in this example, although the 
slot is not formed in side edge side 1 1c, you may make it a configuration which forms 
slot 13c shown in the 1st example. 

[0025] Drawing 7 is the perspective view showing the configuration of slot antenna 9c 
by the 4th example of this invention. The same sign is attached to drawing 6 
mentioned above and a corresponding part in this drawing. Slot antenna 9c by this 
example consists of only thin metal plates 19. In this case, the width of face of a slot 
20 can be chosen from 0.003lambda as arbitration in the range of 0.03lambda extent 
like said 1st example thru/or 3rd example, since the dielectric of the opening part of a 
slot 20 of the die length of a slot 20 is air — said the 1 st thru/or 3rd example — 
comparing — 0.01 lambda extent — it becomes long. 

[0026] Moreover, the conductor width from the upper bed for a horizontal level (part 
prolonged in the x directions) of a slot 20 to upper bed side 19a of a metal plate 19 is 
designed so that it may become smaller than the conductor width from the soffit for a 
horizontal level of a slot 20 to soffit side 19b of a metal plate 19. And the coaxial cable 
10 is being fixed to the location on 0.01 - 0.02lambda with the same means as the 1st 
and 3rd examples from soffit 20a of the vertical part of a slot 20. In this case, you may 
attach in which field of coaxial cable 10 metal plate 19. In this example, since slot 
antenna 9c consists of only metal plates 1 9, slot antenna 9c is easily producible with 



machining of the press instead of approaches, such as etching like said 1st example 
thru/or the 3rd example, etc. Moreover, it is also possible to carry out simultaneous 
processing with the same metal as a metal shielding case, covering, etc. which cover 
the transceiver circuit in a field radio, and it contributes to reduction of fabrication 
cost. 
[0027] 

[Effect of the Invention] Since directivity to the vertically polarized wave which can 
be set in the level surface of a slot antenna can be made into about 1 appearance 
according to this invention as explained above, it is suitable for mobile communication, 
such as a field radio. Moreover, since the directive direction of max of a slot antenna 
can be leaned to the level surface, in a actual talk state, it is possible to make gain of 
a slot antenna into max. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the configuration of the slot antenna 9 
by the 1st example of this invention. 

[Drawing 2] It is drawing showing electric-field distribution of the slot antenna 9 in this 
example. 

[Drawing 3] It is drawing showing the radiating pattern in this example. 

[Drawing 4] It is the top view of the field radio 15 using the slot antenna 9 in this 

example. 

[Drawing 5] It is the perspective view showing the configuration of slot antenna 9a by 
the 2nd example of this invention. 

[Drawing 6] It is the perspective view showing the configuration of slot antenna 9b by 
the 3rd example of this invention. 

[Drawing 7] It is the perspective view showing the configuration of slot antenna 9c by 
the 4th example of this invention. 

[Drawing 8] It is the top view of the whip antenna 1 in ideal operating state. 
[Drawing 9] It is the top view of the whip antenna 1 installed on the finite ground plane 
4. 

[Drawing 1 0] It is the top view of the conventional field radio 6 using a whip antenna 1. 
[Description of Notations] 
9, 9a~9c Slot antenna 

10 Coaxial Cable 

11 Dielectric Substrate 
1 1 a Front face 



11b Rear face 

11c Side edge side 

11d, 19a Up end face 

11e, 19b Soffit side 

12a, 12b, 12c Conductor layer 

13a- 13c and 20 Slot 

1 7 Microstrip Line 

18 Through Hole 

19 Metal Plate 
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(2) ^2 7 9 3 4 1 3t 

v-r-*- 1 ©g#tcgi!ftfflrtKfcttSmfa1±3{±-$T* 

^/ci6, 0lc^-r ck die, -t^-^zyftiicWLt 
ft£ 0 

/0 [0 0 0 3] 09 ttffifflftgUTOWHOSWfiffi 

4E«LT*-<7^7yft l*llKWtft«i* 

^fo »Jfliii4*'«ftAeWtT/h*^ii^ jM'?^ 

^ l©ffi|63tt5«-«"efeS^ t^'^7Vft 1 * 
StriBrtfcfettSSflltSH:, J»flili4KWLT**ffll 

4 avhs < ft?>jcfi£i\ fitfatt 5 #**Tfcs2fi&tt. 

[0 0 0 4] fLT< 01 0tit&#©8H**8S«6©ife 

mtxmmi W7^7>ft 1 

«T*&ift<ft&o «T, KW€rW"&fkf S/£«>K, 
30 m K fft t T ¥ff ft ^ *5 J: tf Si ^ 7J<¥* ft 43 i tf 7j< 
tfi«ffitcMLTSfflft73lfi]*3<fct>*ffi^^Sit73 

[0 0 0 5] 

iijgOJM|pI'tt«^:^lRlAM3lf7}< J Ffflrt^feSXC I v h 
[0 0 0 6] 

jo yh7yfttt. misRmfraso^ft 



ntzM. k m 2 *j * cms 3 ©>s#/i t , hui2^ 1 ©*& 
« jc t, sai2S§«*ai£©g{»j*> «t tfwwicaT § 

#WO±**'6MiaWtf«MRO±«i«*"e©TOEJB 2 
MB 3 ©»W1©&* ©if>I*\ 8fllE*¥*«»f*ai5© 
TSS^6iJS2R*{*a«i<OT4»ai5ST?Oll9ISJB 2 *5cfcO* 

ffi 3 ©»&»©&* com x k> m < * s * 9 1 titt 
s^icn^rm^om 2 fe«fct;ffi 3 ommteSKt *m 

t/rt^aift^tufB^ 2 SfcttSg 3 ^-rftfroasittas© 
[0 0 0 7] W*«2K:«fcSaW»C«fc«XD-y h7> 

SSffiHiiStfSTfc^WftfflSi:, BufB7k¥£S#ft£l5©ffi 

»©T*ft* &*m«*#»fi©T*«S T*©fuf2j»Mf 
©fi<fc 9 J® < * 3 J: 5 »c ftfc r ffi5#©£R*<*g|3 i: 

[0 0 0 8] m$.m3lC&t>Z>ftWlC£5Xny hT> 

nrcm&mt. memwatc^r. -wwttaBmni* 

jStc5£t>'3 7j<¥»#ftg|? , ««27j<¥iSt5»{*SI50fl«USA» 

i: i: fe »c , gais*¥ftt##8iJO±iS^ <b ffigEBtttttSS 
©±4SigiS3: T?©ffi32«M*JB©ffi*V 8fffB*¥«t#f*SI5© 
TtfSfr 6 SfllBK It^SIS^T^gP* T©jj9iE«W*S©l§ 
<fe»)S<a:S«}:'5*c^?n^rjg«ofttW(*«»i:, fit) 
f 2S§«{*»S©«<||J lc ts ^ T , -SSgPtfilMlSfg mm 

» <*{£« fctffr&GEB ft S <fc 5 fc/E/SS nfc v^f * a 
[0 0 0 9] mWM4K&t>Z>?&WlC£%XUy \~T> 



(3) WW2-7 9 3 4 1 3* 

6 

1 1 , mjtS7k¥^*i*:gP£D±4S7b> 6 fiMK&««©_h«i 
ffig T?©ffiiE&B«©(f *V ituIB7k¥8&ji&g|5©T^ 

5«tacjB^snrcr««©jBffl«*sis4:**«iu Jiff 

[0 0 10] 

*¥««^ttwsnso u*»t», 7)<¥^3i<*g(5<D±(iij<D 

W<*»©B*^OTffl!l©»fWl©B«fc 0 t,JSt^i6, 7j< 
[0 0 1 1] 

ft90i)S^tB-!?*!), HI (a) t±(SI$4^-^ 

;n otf&Mt£tLZ>m<Dffi*M.rzmm^ mm (b) « 
ia±, »stftto. o o 2 a ogiiftii i i tf&mz 

ntfet), fCffitil la. 11 blc«29<*/Bl 2 a 
*5«fctfl 2b«?nt^5o Ktt<*S«l 1 

cD^HcD4SSffi©^-6lo©{|iJiSffii l ctcti, 
1 2 c *«?nT^§, i^mi*»«i lO^Ml 2 

a*«t0 : l 2 b(C(i, ftlftirtt©XP7M3ai3 
JO iO*13b #a«T—grr «fc 5 tc, 12a, 1 

CCT% #XD 7 h 1 3 afccfctf l 3 b©7j<¥g|5 
# (x73f6]{c5lO-Tcg|5^) «lilSig®l 1 ctC^LT^ 
5. Sfc, KtB^Sfizl lOfiiJiSMl 1 ctcti, XD-y 
hl3ai:l 3b*gfinXD7 h 1 3 c /Wfcfig^tl 
TJD, XD«;H3a, 13 b, 1 3 c(C<fcO IOC 
JlMbTcXO-y h 1 3A^dtSnTV»So CCT% XD 
7H3a, 13 b, 1 3 c ^(i&lclft 0 . 0 1 A IC 
*oT^5 0 XD7M3 a&itfl 3 bO*^© 

fcffltf) ©ft^t±#^]0. 1 7AT'fe5o Lfc^oT, 
WyH3«9iSttfi0. 4 2 A tS:oT^§ 0 

[0012] c©«#» i i (c(i. 0 i 

(b) tc^f <fc-5J;:, xn>y h l 3 ©#¥6&#©±HB** 
&»S#iS«tl l©±4Sffil 1 d*TO!W«B*Lu 
X n y M 3©*¥ffl^©T4S8*^«l«#S«l 1 ©T 
iigffil 1 e£-e©#{«S*L2fcLfcfcS, Li<L2t 

[0 0 13] Sft, ^ny h 1 3 aO!M»OT«il 
50 3 d*6fi?0. 0 1A-0. 0 2iy£t«nfcfilT 



OXD7 hT>7-1-9<DAtl&iKtf5 OQT'feSfc*. 

«^ iRltttfr-TVH 0cO-^£D^g|5«# 1 0 i #±IE 
ii*10o *J«fctfrt8B5SW* 1 0 i £jg<fc« 1 2 a Ic^ffl 

f**t*©¥aK*fjH>rr«, coram*— 

[0 0 14] @2(iXD>y h7>ft9CXn7 h 1 3 

OXD7H3afcJ;yi 3 bt*^T^- Tjfafcfc 
3o EUCjjVT.fc'pfC, Xn-y h 1 3 a, 1 3b©#7j<f 

tu cnbic&ommffifctfi&ttztiZo ztc xa 

7M3 ais£Zfl 3 b©#SiS8faN«:f±#fc:*JF#lR] 

2 3*{*fiL2fc*fLTLi*JE< Ltefcifc. Sfttft 
Sffi 1 1 <DM®m 1 1 c OXa y h 1 3ci *)±m<om 

#m i 2 c \cmR&m*-?Zo l/c*^t\ MKfiiso 

(x-y¥I) &K>±Xlcm< 0 

[0 0 1 5] §3t±, 01 {c^-Tx-z^Srt^^itM 

T>ri-<Dmm-eiE®.{frznT^2> 0 coajyeaucj: 
ntf» x-z¥®o+x^{ct5it5g^w^iRj(±7j<. 

¥73fRl (2 = 0° ) ^6192 0° Jt2f*lR]l^T^So it 
/cU Tk^lflJtcWL^J- 1 0° ^'6*5+8 0° ft' 

- z x ?5faVClsl}%m*1&mftfa&fo¥-?5fafr 

£#J3 0° -RffclRj^T^So 

[0 0 16] ST, ®4&*mMm<DXayhT>Ti- 

9%m^rcmmm®i 5©¥iBH-efes. @3©x- 

zffirtteftttSfifel^* — .fc-51;:, XD7F7 

*k mmmmi 5*zk¥®fre,3o a ~6o° »tr 
1 6fcmfzmjzi&m?jfam5i&7wmmc$> 

1 3 a <h 1 3 b tlc33l,f&n?i-<Dj;fa&£.WC— gfLT 
*Jt), S^tC, ^it{Ife«Xn-y H3a, 13 btDTk 
¥33#i5cfct>*xa-y h 1 3 cfr5jS»?ti5ft«), 

tmm 1 5 ^niBkiffiffl-rsii^siSigKott^^ 
co x d y h t y 7~r 9 <om m a *v r > x x © * u 

[0017] *ft. XDyH3a, 13b<DSB:g|3# 



(4) m*2 7 9 3 4 1 3f 

8 

mmc t5^Tf££T a ^x 7 x - •>* > ytc £ 0 ? 1 

7>ft 9 sfcfljvtltf , ilff (Dp°pl^f L < |ft±r*. 

So 

[0018] su±. xd7 hr>xx9*^im^ti 

/0 fe(B]«T'^a o Off), XD7h7>ft9^fflf§ 
RU *¥*lRl*»6SiJ*'r*«ft*S»*±<a«t"*ci: 
tfnlfjg-e&So LfttfoT, COXP7h7>ft9a 

[0 0 19] ft*5, #ll#&Wc<fc3Xn-y hZ>XT9 
tcfc^T, Kttttl&Kl KDffliJiSSl 1 c*i<ffi(D3 

fc> 0 1 fctt, raw-r— 1 0«D7 h 1 3 atcjg 

V\, £ £&C, X07M 3<D"Ht±l2O^j0. 0 1 AlC 

20 mrr 0. oo3A*^o. 0 3Agao 

[0 0 2 0] 0 5«*58B^O^2HS6^J{c t };§XO>y h 
T, ±xELfcia 1 ■fc*HSr*a«!i'fc:W:ra-«D«FWWJ 

0 1 tC^-T^ l^i5S^JcDXD-y hT>T-X9fC$3V^T, 
f<Oiftll2b, 1 2 c. XD-y h 1 3 biScfctfl 3 

1 comm 1 1 a fc x 1 2 a fcitfXD -y h 1 3 a 

1 0 «, ^1 ^M^Ji:[Hi^<D73jiT'*{*® 1 2 a fc&tt 

ti^rl^ Sfe, CCommm<DXa^ h7>ft9 aOX 
o-y M 3 aOzk¥ffi»*^*ifiiefiK^tt»Sn. £ 

^ffi«ia^XD7 h7>ft9 a SUf&Sfcfc^Ttts 

^0 [0 0 2 1] m6l&*KW<Dm3nMMlC£Z7>a>y b 
7>ft9bOilS^tfeOT'*0 > 06 (a) 

(b) tt*<DJWHOOiB«:Mfe«ffl0-p*S„ ftfe, C<D 

tt* RUtt-jr-^b 1 0 cDftb 0 tC^-T ^ nx h U -y 7°^ 

[0 0 2 2] 06{C/B-rXP-y h7>ft9 bfc43l,> 
T, ^«i*S^ 1 1 (Dgffi 1 1 a (DaiWl 1 2 a tcfi. 
50 B 1 t^ttOfcH*Or«OXOy h 1 3 a*^)«S 



n-cfco. Mnwmte 1 10111 1 bica, -?^*p 

X b U y 1 7 tfSffi 1 1 a ©XP -> M 3 a *M 

yZfmS& 1 7 ©-S$glUiX/l>-*-;b 1 8^LTXP 
-y h 1 3 a<DiE@<DmWmi 2 a K&WiZtLX^Z>o * 
(Dfctb, vf*DXhUv7*«n 7fcXP>yhl 3a 

t<Dmiznmm£&tf&z v » * nx h u >y ^* sgs 

So 

[0 0 2 3] ^*PXM>-y7»Bn 70^14 

5 ft*Mc wrvxvv y -msb 1 7 1±, mnwmm 

1 io«iWB9H3aOTi3dfr6iaiO. 0 
1-0. 0 2 AKtlfcffiltKJ&SSnSo v 
^ PX> U »y ^»«5 1 7 iMI* 1 * 1 ^BBtfl 

KfcttsrattV-TVw o©i*igi5#^ i o i ©{Mfctt 
IfcfttM i: ft * * -5 tl*? ^ £° 
[0 0 2 4] L©iIW^a'^7'>ft9bt^ 

fc«K Xa7h7>rt©fii^T*£5o £ft, X 
cry F7yft9 b^aSS^HK^t^-a^^ 5 

a, jyv-pi/w&G&tfmtbx&MX'hZo ft 

ia, COnmmK^X, ffljfigSl l cUiXP-yMiJg 
jS^nT^ftv^ ^liii^tXO-y M 3 c^r 
J^fig-T £ * 3 ft**K t T fe <fc v > 0 
[0 0 2 5] H7tt*»WO»4SaMlCJ:*XByb 

p,nTV^i.o #§iffiWc«fc3XP>y b7yft9 c 
ff^&JIHll 9©*1?i)«2nT^5. C©*^ XP 

7 b2o owa, fwfiafg i mmmnmm 3 gran t m« 

(C. 0. 00 3 A^60. 0 3 Ae&©ttHT?ttSfc:iB 
JRV*Cfc««^IlET?fe*o XD7hZ0Olf(±, XP 
>v h 2 OOffiWSP^ORWi**^^**^*' Mf5SI 
i7i^3**wicJt'<* 0. 0UiSI<%5„ 

[0 0 2 6] Sft, XD7 h2 0©7j<¥g|5# (xtffafc 
8ECffc«») ©±*^6*«* 1 9 ©±48® 1 9 a ST 

1 9©Tffiffil 9 b *>'Jv£ 
tfttfTSo ^LT, 7.o-y h2 0 ©SK ^©"Rsi 2 0 
a*»5.0. 01~0. 0 2A±©ffiW=tt, Bl*J:tf 

T^*. cm 0&Jg«l 9© £13 

6©BiK8l!)W*TfcJ:^o C©*«Wt*l#"'Ttt, X 

P7h7yft9ctfftifii 9 ©*■*?«#* nr^s 



4$fF 2 7 9 3 4 1 3 # 

10 

rot, mm \ mmmnm^3mmm<Dx^^yf-y 
>?m<Dji&Tim < , 7uxm<D®mutt £ *> xp >y 

[0 0 2 7] 

[«bb©8MU w ±kw l ft <fc a ic . d o«w J; n 
«*s©fc»a«KSrt"*o *ft* xofhTyfto* 

[0S©ffi¥ftIKB£] 

[HI] C<D%ffl(D%i 1H»]CJ;%XD7 hTy-r^- 
9 ©W^fcj^SMSHTa&S. 
[0 2 ] miOWHfc y>7>ft 9 

[0 3] [B]S^Jtcfelt^^^^-^^0-efe 

[0 4] n**«ik:****^av h7>ft9«:ffl^ 
«W«KMIl 5<D¥ffi0T'$.?.c 
[05] co5BW©W2*ai«KJ:*^Pvh7^^ 
9 aOilS*StflSBT«S. 
[06] c©5BB©!B3*8SWKJ:*^ciry h7Vft 

9bO««**-r»«B^**» 
[0 7] C<D^0Dm4Hflg^J^ck?.XP-y h7yft 

[0 s ] fflsiiifPKtti?®*^ <y zrrz/T-r 1 ©¥ffi0 

[0 9 ] ^Pg^itiJ® 4 ±te«HStlft*<Y -y ^7Vrt 
1 CD¥ffi0T-$>3o 

[010] MvtTz/f-r i «rfflv^ft«e*©si^^ 

^6<D¥ffi0"e&&° 
[??#<DIKW] 

9, 9 a~9 c XP~y H7yft 

i o mbt—ffr 

i i mnwmm 

1 1 a a® 
1 1 b 

1 1 c MiSffi 
lid, 19a ±^ffi 
lie, 19b T^Sffi 
12a, 12b, 12c 
13a~13c, 20 XP-yh 
1 7 v-Y^PXhU-y^SS 
1 8 X^-^-Zb 
1 9 



